
Patterns in the CERES Global Mean Data, Part 4.

From Schwarzschild (1906) to CERES (2019):

Laws Behind The Rules (Patterns Explained)

51

“Equation (2.17) is known as the equation of transfer, and was first given in this form by 

Schwarzschild. While it sets the pattern of the formalism used in transfer problems, 

its physical content is very slight.” — Goody and Yung (1989)

“The Eddington approximation will generally be employed; while it is not precise it omits no 

essential physical principles, provided that the medium is stratified.” — Goody (1964)  
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A – E = ΔA = A0 /2   independent of τ

ΔBg = Bg – B0 = Beff /2

Houghton (2002, Eq. 2.13)

Chamberlain (1978)
Theory of Planetary Atmospheres, 

Academic Press

The Physics of Atmospheres, 

Cambridge Univ Press
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My Eq. (1)  ΔB = Beff/2

(Goody and Yung 1989)



Houghton (2002, Fig. 2.4)
The Physics of Atmospheres, Cambridge Univ Press

Eq. (2):   ΔBg = (Beff – L)/2 (surface net, all-sky)

Separating atmospheric radiation from longwave cloud effect (L):

Eq. (1) (clear-sky)

ΔB = Beff /2

My Eq. (2) (all-sky)

ΔB = (Beff – L)2
LL



Hartmann (1994)
Global Physical Climatology

Surface total (gross) SW + LW energy income: Bg = 2Beff 

Adding cloud effect, the surface absorption is:   Bg = 2Beff + L

=
Single-slab

L



Houghton (2002)

My Eq. (3) Surface total, clear-sky: πBg = 2ϕ
My Eq. (4) With cloud effect, all-sky: πBg = 2ϕ + L

With optical depth χ*0 = 2,



My four equations

Eq. (1) Schwarzschild (1906, Eq. 11), net, clear-sky

A – E = ΔA = A0 /2

Eq. (2) Schwarzschild (1906, Eq. 11), incl LWCRE, net, all-sky

A – E = ΔA = (A0 – L) /2

Eq. (3) Schwarzschild (1906, Eq. 11), at τ = 2, gross, clear-sky

A = 2A0

Eq. (4) Schwarzschild (1906, Eq. 11), at τ = 2, incl LWCRE, gross, all-sky

A = 2A0 + L



My four equations

Eq. (1): Houghton Eq. (2.13)

Eq. (2): Houghton Eq. (2.13) incl LWCRE

Eq. (3): Houghton Eq. (2.15) at χ*0 = 2

Eq. (4): Houghton Eq. (2.15) at χ*0 = 2, incl LWCRE

Eq. (1)   Surface net, clear-sky: ΔBg = Bg – B0 = Beff /2  

Eq. (2)   Surface net, all-sky:         ΔBg = Bg – B0 = (Beff – L)/2

Eq. (3)   Surface gross, clear-sky:    Bg = 2Beff

Eq. (4)   Surface gross, all-sky:        Bg = 2Beff + L



The four equations in CERES notation

Eq. (1)  ΔBg = SFC SW net + LW net, clear-sky = OLR/2

Eq. (2) ΔBg = SFC SW net + LW net, all-sky = (OLR – LWCRE)/2

Eq. (3) Bg = SFC SW net + LW down, clear-sky = 2OLR

Eq. (4) Bg = SFC SW net + LW down, all-sky = 2OLR + LWCRE

Surface LW up (ULW) = LW down + LW net (both for clear and all)

LWCRE at the TOA = LWCRE at the surface



Accuracy of the equations in CERES EBAF Ed4.1, 

annual global means for

19 running years, 12/2000 – 11/2019



Accuracy of the equations, EBAF Ed4.1, 19 years

Eq. (1) Clear-sky, net

SFC SW net clear-sky = 211.73

SFC LW down clear-sky = 317.48

SFC LW up clear-sky = 398.46  

SFC SW+LW net, clear-sky = 130.75

TOA LW /2, clear-sky = 133.00  

ΔEq(1) = – 2.25 Wm-2

Eq. (2) All-sky, net

SFC SW net all-sky = 163.57

SFC LW down all-sky = 345.15

SFC LW up all-sky = 398.67  

TOA LW, all-sky = 240.22

LWCRE = 25.79

SFC SW+LW net, all-sky = 110.05

(TOA LW – LWCRE)/2 = 107.21

ΔEq(2) = 2.84 Wm-2

Eq. (3) Clear-sky, gross

SFC SW net clear-sky = 211.73

SFC LW down clear-sky = 317.48

SFC SW net + LW down = 529.21

2TOA LW, clear-sky = 532.02

ΔEq(3) = – 2.80 Wm-2

Eq. (4) All-sky, gross

SFC SW net all-sky = 163.57 

SFC LW down all-sky = 345.15

TOA LW, all-sky = 240.22

LWCRE = 25.79

SFC SW net +LW down, all = 508.72

2TOA LW + LWCRE = 506.22

ΔEq(4) = 2.50 Wm-2



Definitions and integer solution

SFC LW down clear-sky = SFC LW down all – LWCRE

TOA LW clear-sky = TOA LW all + LWCRE

LWCRE TOA = LWCRE SFC 

SFC LW up all-sky = SFC LW up clear-sky



Accuracy of the N positions, EBAF Ed4.1, 19 years

Eq. (1) 8 + (12 – 15) = 10/2 Eq. (3) 8 + 12 = 2 × 10

Eq. (2) 6 + (13 – 15) = (9 – 1)/2   Eq. (4) 6 + 13 = 2 × 9 + 1

Clear: SW+LW net  = OLR/2

211.73 =   8 × 26.68   – 1.71

317.48 = 12 × 26.68   – 2.68

398.46 = 15 × 26.68   – 1.74

130.75 =   5 × 26.68   – 2.65

133.00 =   5 × 26.68   – 0.40

ΔEq(1) =   – 2.25 Wm-2

Clear: SW net + LW down = 2OLR

211.73 =   8 × 26.68   – 1.71

317.48 = 12 × 26.68   – 2.68

529.21 = 20 × 26.68   – 4.39

532.02 = 20 × 26.68   – 1.58

ΔEq(3) = – 2.80 Wm-2

All: SW+LW net = (OLR-LWCRE)/2

163.57 =   6 × 26.68   + 3.47

345.15 = 13 × 26.68   – 1.69

398.64 = 15 × 26.68   – 1.56

240.22 =   9 × 26.68   + 0.10

25.79 =   1 × 26.68   – 0.89

110.05 =   4 × 26.68   + 3.33

107.21 =   4 × 26.68   + 0.47

ΔEq(2) =   2.84 Wm-2

All: SW net + LW down = 

2OLR + LWCRE

163.57 =   6 × 26.68   + 3.45

345.15 = 13 × 26.68   – 1.69

240.22 =   9 × 26.68   + 0.10

25.79 =   1 × 26.68   – 0.89

508.72 = 19 × 26.68   + 1.80

506.23 = 19 × 26.68   – 0.69

ΔEq(4) = 2.50 Wm-2



Accuracy of the Greenhouse Effect:

Theory and Observation
CERES EBAF Ed4.1, last 12 months

ULW = 15, OLR clr = 10 => G (clr) = 5 = 133.40 Wm-2 , G (all) = 6 = 160.08 Wm-2

Theory



Accuracy of the TOA fluxes
(clear-sky for total area, EBAF Ed4.1, 12/2000 – 11/2019)

TSI = 1360.68 51 N × UNIT CERES Diff

LW all-sky 36 / 4 240.12 240.22 -0.10

SW all-sky 15 / 4 100.05 99.06 0.99

LW clear-sky 40 / 4 266.80 266.01 0.79

SW clear-sky 8 / 4 53.36 53.74 -0.38

TOA LW CRE 4 / 4 26.68 25.79 0.89

TOA SW CRE -7 / 4 -46.69 -45.30 -1.39

TOA Net CRE -3 / 4 -20.01 -19.51 -0.50

Each flux is an integer on the intercepting cross-section disk

Eq. (5) TSI = 51 = 1360.68 Wm-2 => LWCRE = 1 = 26.68 Wm-2

Clear-sky: RSR =   8 ASR = 43 OLR = 40 IMB = 3
All-sky:     RSR = 15 ASR = 36 OLR = 36



Accuracy of the surface fluxes
(clear-sky for total area, EBAF Ed4.1, 12/2000 – 11/2019)

N N × UNIT CERES Diff Wm-2 

Clear-sky

LW down 12 320.16 317.48 2.68

LW up 15 400.20 398.46 1.74

SW net 8 213.44 211.73 1.71

All-sky

LW down 13 346.84 345.15 1.69

LW up 15 400.20 398.67 1.53

SW Net 6 160.08 163.57 -3.49

SFC SW net is not resolved into
downward and upward components



DLR (13) mean = 345.15

OLR (9) mean = 240.22

TSI = 1360.9 Wm-2 = 51 => 9 = 240.16 Wm-2

DLR(all-sky) = (13/9)OLR(all-sky) – 1.8 Wm-2

CERES EBAF Ed4.1, 19 years, 12/2000 – 11/2019

CERES EBAF Ed4.1, 19 years, 12/2000 – 11/2019

CO2

increased by

40 ppm

during these

two decades

Radiative 

forcing

balanced by

transfer

constraints

ULW = 

(15/9) OLR 

according to

transfer

equations

ULW –

(15/9) OLR 

= –1.70 Wm-2

according to

observation



TSI 1360.882 = 

51 (disk)

N

integer

Theory 

Wm-2

no adj

Wm-2

theory –

no adj

with ΔC

adjustment

theory –
ΔC adj

ISR 1360.882/4 51/4 340.22 340.0 0.22 340.0 0.22

Clear-

Sky

LW 40/4 266.84 268.1 -1.26 266.0 0.84

SW 8/4 53.37 53.3 0.07 53.8 -0.43

Net 3/4 20.01 18.6 1.41 20.3 -0.29

CRE

LW 4/4 26.68 27.9 -1.22 25.8 0.78

SW -7/4 -46.70 -45.8 -0.90 -45.3 -1.40

Net -3/4 -20.01 -17.9 -2.11 -19.6 -0.41

Surface

Clear-

Sky

LW down 12 320.21 313.9 6.31 317.5 2.71

LW up 15 400.26 397.6 2.66 398.5 1.76

LW Net -3 -80.05 -83.7 3.65 -81.0 0.95

SW Net 8 213.47 213.5 -0.03 211.7 1.77

SW+LW Net 5 133.42 129.8 3.62 130.7 2.72

Accuracy of the new clear-sky parameter: 

no adjustment and with ΔC adjustment



Accuracy of mean CERES LWCRE = 0.05 Wm-2

LWCRE Theory

1 = TSI / 51

= 1360.68/51
= 26.68 Wm-2

CERES – Theory:
0.05 Wm-2

Stephens

et al. (2012)

OLR all-sky LWCRE at TOA   OLR clear-sky
240.22 25.79 266.01

DLR all-sky LWCRE at surface DLR clear-sky
345.15 27.67 317.48

LWCRE CERES mean Theory
26.73 26.68



The Bluehouse Effect, detected by CERES

LW under
full control

SW under
partial control

Eq. (1) – (5): A theoretical steady state for our Aquaplanet



Summary and Conclusions
• Earth’s global energy budget is controlled by radiation transfer equations originated in 

Schwarzschild’s theory. Eq. (1) and (2) may be derived from first principles. 

• Each of the four equations is satisfied by two decades of CERES observations within 
± 3 Wm-2. Forcing and feedbacks are expected to act within these limits.

• The fundamental individual fluxes (both SW and LW) are within ±1 Wm-2.

• The accuracy of CERES data (fit to theory) is much better than indicated in DQS. 

• There are other constraints: the extension of the N system to total solar irradiance is 
unexpected, but extremely precise:

• Eq. (5)   LWCRE = 1 = TSI / 51 ± 0.01 Wm-2. 
LWCRE = 26.68 Wm-2 (SORCE TSI) or 26.69 Wm-2 (TSIS1) .

• Eq. (6)   2ASR = 2OLR + WIN – LWCRE is a valid equation as well
(not detailed here, see EGU2020 display).

• I expect ± 3 Wm-2 fluctuations around, but not systematic deviation from, 
the equilibrium positions in the forthcoming decades.

• Open questions: limits, tipping points, shifts, ice ages (albedo?)

Thank you CERES Science Team for the excellent work!


